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Engineering and Design
NITROGEN SUPERSATURATICN

1. Purpose. The purpose of this letter 1is to provide guidance
for tnhe evaluation and identification of those projects with
hydraulic structures having the potential to produce nitrogen
supersaturation.

2. Aprlicability. This letter applies to all field operating
agenciles naving responsibilities for the design of Civil Works

prcjects.

3. Referenc

m
n

a. ER 1130-2-334
b. ER 15-2-11

4. Bibliographv.

a. ER 1110-2-1402
b. EM 1110-2-1602
c. EM 1110-2-1603

5. Discussion.

a. Nitrogen supersaturation and associated fish mertality
due to gas bubble disease has occurred at Corps of Engineers
projects on the Columbia River in the North Pacific Division
(NPD) and more recently at the Harry S. Truman project in the
Missouri River Division. Nitrogen supersaturation can result
at any hydraulic structure from entrained air introduced by
the spillway=-stilling pasin action. As the flow is subjected
to hydrostatic pressure in the stilling basin, a zor tlon of
the entrained air 1s driven intoc sclution before 1
opportunity to rise to the surface and escape i“to
sphere. A potential problem 51*uatwon will exist 1
characteristics of the flow within or downstream of t
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flow does nct

stilling basin are such that the

necessary turbulence to degas or purge itself o
dissclvec nitrogen. Flow ccocnditions below oroj
ducive to rapid eqguilipration with the atmospne
snallow, turbulent strzams. The reaeration and
characteristics of deep, slow moving rivers or
raservoira are relatively small. Generally, fi
suffer from gas bubble dlcease so long as they
deptihs ce-ow 15 feet. At those depths the exte
nal gas pressures con fish are approximately =gu
£ish swim to the surface, ncwever, the internal
axceeds the external gas pressure on the fish r
gas embolism or gas bubble diseasa. The tolaran
te levels of nitrogen supersaturation depends u
of exposur2 and the age and species cof the fisn
dissclved nitrecgen levels refzrenced to suriace
ascove 110 percent are generallv considerad to o
(zigurs 1.)

b. mhe ohenomenon of nitrogen supersaturat

-~

hyd structures is complex and depends upc
facto;:. Normally the problem of nitrogsn supe
Seen assoclated with aeratsd flows plungl 1§ 1nzt
casins with slcw moving downstream flow conditi
avdraulic jump in the stilling basin is a frse
cilant turculence should te zresent ko degas the
2isscolved nitrogen levels rafarenced %o surizce
noT 2xXc2ed 110 percent. IZ£ the hydraulic Jump
zn2 Ilow mav plunge o tne zotiom ©f the Dasin.
suzmerged avdraulic jump Zlow condigicons, :tn=2 <
Tementum 2 spillway or ouzleh works ral=2ases &
2J Zoct radius tce curve susjiects the Ilow o 2
Z.13 zimes tne nvdrostatic Trassura on tne 3apro
downstream tallwater. The Jjump will tecome Zul
wren tne tallwatar degth 1s greater than apcrox
cercent Of the theor=2tical dg wvalue. It shoul
that rollar bucket stilling oasins ars designed
wazers greacter than 125 gercent of dy. In gene
FJiven discnarge the tailwater 2xceeds a derzh ©
1Z the tailwater depth is greater than 110 perc
theoraticzl d, (parzially sucmergzed Jump) and i
cenditions downstr2am of the 2rsjecs are noz <2
degassing tnhe Iflow, the sotsntial f£or nizrogen
2x1s5t3 and snould ze investigazed.

C. Nizrogen lesvels can ze determinsd ov me
2as contant witn 2 gas saturcmeczer and subcracs
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oxygen content measured or by using a calibrated gas chromato-
graph. Technnigues to estimate the percentage of nitrogen
supersaturation celow a hydraulic structure have cean
develcored bDv NPD and 2y the U.S. 2ur=sau of Reclamaticn (USER).
Inclosure 1 zives a summary of the develcpment and avaluation
procedure Zor the NPD methed. Inclosure 2 gives a summarv of
the USBR method. The technigue developed oy NPD was opased ¢on
projects in the Columbia River Basin. The spillwavs are all
gate- contro-¢v; ogee crests and with the exception ¢of The
Dalles, theyvy have similar stilling basin characteristics.

The NPD method should be used to evaluate the effects c:
structures similar to those in the Columbia River Basin. The
coefficients for this technigue ars based on these tvzes of
structures. The technique devalcped by the US3R is mor=
general than the NPD technigue and tilized cdaza Ifrom 2 wider
variety <I nvdraulic structures. The USBR technigue snould
ce used to svaluatza the DF¢=C“" cf structuras othar zthan a9
tyze found 1n NPD. 3Both technigues ccmgute downstr=2am nitzo-
gen concentration values by considering such variables as
upstream concentration, hesadwater and tailwater =lesvations,
head loss, angle of. the ]eu, residence time of the opuoscles,
and pressur2 conditions in the opasin.

d. I1Z measuraments or astimatas indicat2 that 2 ¢
for nitrogen sugersaturacion problems exists, tnsn deta
medel studies oI the prolect may ce necessary 0 davalodo
alleviaticn measur=s. Assistance in the studies <zan ce
oprained frcm &tnhe Watarways Zxpgeriment Staticn.t Alsc, z=2c¢ha-
nical assistance can 2e optained Ifrcm 20th tnhe Fedsral
Interagency Stszering Ccommitt2e on Reaeraclon Researcn ang tna
Commiczzese on wWatar Quallcy (r=2fsr=nce 3D} Reguests I0r Ine
services or =21tner ©f these coemmittees snould Se ccooriinatzd
zarough dACCA (DAZIN-CWE=-H) WASH CC 20314.

5. Acticn Reguirad. Reviaw all reservoir orelects, Zollcocwing
The Drocegures gcuziined in Inclosurass 1 and 2, %o dezsrmine
cotential for nitrogen supersaturation progclems under all
operating ccndizions including interim conditions during con-
struction.

2. Ixisting Projects. R2gorzT rasulits and Trepcssa
corractiva measures 1n Annual Division wacar Juallzy Rssorits
(rafarence Za),

0. Precjects under Planning, Cesign or Construction. Repcer
ra2sults and 2rogcosed alleviation measuras 1f recuired in

L J
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DERIVATION OF THE SPILLWAY-STILLING BASIN MCDEL™
Consider the conceptual representation of tne stiiling dasin
shown below.
= o
A
‘ & —- i — — _ - B ey e BARY ~
- —— / — S A 4
| ~ LN RmoLLER ., Y S
| ———, - - denSI?y - ag ~ / /- e
i ‘\\ 4 RE: p /, .
Y ovleen MAINFLOW 3= 70 '
T XA : === / S
L pLTd density = o = Q= T/ Lo
" LETPURE ) T ot . ey T T T T T T -
|
88X X
t
CONCEPTUAL . REPRESENTATICN OF SPILLWAY-STILLING 3ASIN COMBINATION
The water parcel indicated in cross-section by the snaced area moves
through the stilling basin, decelerating and increasing in neight. It
extends Tlaterally the full effective width, w of the stilling basin as
illustrated in Figure 3 of the main report.
w2 now make the following assumptions for tne water narcel and

stilling basin:

For that length of spillway that is in operzticn
at a given time, the discharge is uniform along the

1.

*Taken from: '"A Nitrogen Gas (Ng) Model for the Lower Columbia River,
"Final Report, Water Resources Engineers, Inc., under contract to
US Army Corps of Engineers, North Pacific Division, January 1971
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crest (this is equivalent to assuming that the
propertias of the water parcal are constant along
any 1ine paraliel to the spillway crest).

The vajue 7

e

where

ump .

199

-
W

]

1]

is tha initial depth of the spill befors
It is computad as:
[»4
7 = i_. =
“o 7, Viga

discharge per foot along the crest

total reservoir nead apove the stilling
pasin floor.

¢t af the railer wnich overiias the main
creasa the static pressure2 within %tne

2] a ’
r parcel Dy an amount SR

A given mass of air v, is antrained as discretz bubbles
into the watar parcel”at the point = = 0 and remains
uniformly distrigutad within the waztar sarcsl as 1t -
sassas througn the stiiling basin.

The distribution of the mass of air ameng the various
cupble sizas remains unchanged during the watar carcal’s
journgy <through the stilling basin, ‘

The dissolved nitre
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af nitracen aissolution = in the watar parce
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within the watar nfarcal 1s

m'ﬂ

.en
sTributeaq.

oy
- 79
) t

¥}

o

Sickian d4iffusion™ as:
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the mass of dissalved nitrogen in the watar
zarcel,
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= total surface area of the air bubbles
contained in the water parceil,

2%
1

effective saturation concentration of
dissolved nitrogen in the water parcei, and

O
il

tay

0

actual concentration of dissolved nitrogen
in the water parcel.

With these assumptions, we can now define the parameters ¥, 4, and C_
in the

-
1
i

in equation A-2 as functions of the location of the water parcel

stiliing basin.

Assumption 6 allows us to write the mass ¥ as the product of
the concentration £ and the volume of the water parcel,

M = (wydz)C (A-3)

where w is the effective width of the stilling basin, i.e., w = (number
of gates open) x (width per gate).

The saturation concentration of a gas such as Nz or O, that is
only slightly solubie in water is governed by Henry's Law which states
that the equilibrium or saturation concentration of the gas in sclution
is directly proportional to the pressure existing at the gas-liquid
interface. In the water parcel the pressure F at an elevation z above
the stilling basin floor is
- fFa AN
Po= 2 tayyt a(y-2) (A-4)
where PO is the atmospheric (or barometric) pressure, and the <« parameters
are the densities of the roller and main flow as shown in Figure A-1.

Hence, the saturation concentration at any elevation z in the parcel is

given as:
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Cone = E?o tayy * aly-2)]c* {A=8)

wnere C* is the saturation concentraticn under cne atmosgners of prassurs,
in aquaticn A-3, % s3ure tarm has units of atmospherss of oragsurs,

From 2quation A-3, it is saen that ¢, varies linearly with 2. It follows

ik

l'i

that the average or 27fzctive saturation concantration, ¢

parcel is the value of C*a* at mid-depth, or at z = y/2: Thus,
347 ;

w

= =) o . FY B 1 * TUrs
CE L~O cgji G(J/Z)‘C LA=8)
cting that yy = J-y gives the final form of Cy as
S (ae
= i) o} (@] e 94 A i)

he total surfaca area 4 of the air bubblas in 4he watar parcel

v
I
(W]
(L
3
o
73
[y
[
9]
o |
ot
- |
HY

T

rotal mass 2F 2ir 2ntrained and, upen ne dubbls 3ize

dissributicn., It is not unreascnablie L9 axpect “hat the antrained mass

_— 13 %
a3 Fraczion of total air /,//”f”
$3

>2 distributad ameng the various Jubdia 3izas 1a 3 manner

2 s
mass in the watar 2arcel ~
w120 subblas having 2 yd
mass 1ess than aor equal -
0 e

. nax
nass oer osugdia, . 7
5
Tha yolume 7. 27 an air Supdla wizh mas3 ». 2an e “oung from she icaal
- -~
£as law:

e
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where
m = number of moles of air in the bubble,
7 = universal gas constant,
7 = absolute temperature, and
)=/ -

the total pressure in the bubble.

In equation A-8, m can be replaced by =n./28.9 where 28.5 is the molecuiar
ot

weight of air. The diameter &_ and the area 4, of a sphere are given by:
15 i
& = (8w (A-9e)
2 T D
4y = wdé‘ (A-9b)

Now, combining equations A-8 and A-9, the following expression results
for the surface area Ab of an air bubble with mass ny

. [sERn\Y [ 32
“ " \72&39) |7

Thus, if the total air mass-entrained per unit volume of water at ¥ _is

—
T
’
)
w
~——

'
¥, the total air bubble surface areas 4', per unit volume of water is

t=a s

found from the bubble size distribution and equation A-10 as

"
max . & s
A anb fo)
A = Ay - (A-11)
or’

p— ‘33
a' = (gg;;) Z‘VJAfr;.:]/za’B (A-12)

o o 0. yos



ETL 1110-2-239
15 Sep 78

Finally, to get the total bubble surface area in the watar parcal it is
necessary to integrate equation A-12 over the volume of the parcel wydsz,

3
zaéag

A =2 [ [ 4" d=xdwds (A=13)
gz w 2

3

Applying assumptions 4 and 5 and substituting for 47 from aguation A-12

gives ;
£}
22 /7
- — o 1
. z 1 / )
1 = wiz ("’”"ﬁ‘\ Y, s tRd3 [ dz (A=14)
1 28.9 /. AJ / ,
b 3 ; =43
z=0
Replacing ? with aquation A-4 and intagrating,
. . < Y3 o A3 -
/2 mom Y3 B 2" Yy e% \J = {273y, 3‘/4 ZAaT3)
R DY T i iy - /3 ; [P0 W ! 2 < Y ! v D i 7 Lam g B
i A \41 o i D “z-v_‘ -3 \JO:;
22.3 | i3 )
\ 7, :
El
Subseizuting 2=yl for y, 3ives tne Tiral form as
R
i
- v PR N - ! R P e ow ™ AL 1.14%
LE oL, ues = :QJ 2o, Y | * U, ‘j,ﬁ%jj”f =13)
. J
“re‘e ] !’ 2 o \J3 !
B Vi L/ )
Ol T
4 2 v 2d.y 42
3

fV1Y
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~ dc . ~ - - - -— 1 1 b} ™
(yuwsz)S= = (wiz) ik, 7 +ap+ (aa)u]¥ - [P +aD-ayl¥
v ac A o o o'~ o o o
2-[? + - (o, - Zler - ¢ (A=17)
-
A
We can now write rate expression == in terms of the location in the
stilling basin by using the relationship
: de 4C dac d \
gl . g2 gt o el . g4l (A-18)
dt ax oz y ax '
where v is the velocity of the parcel and g is the discnarge per unit
width of the stilling basin. In addition, we define a system parameter
X, which we will call the entrainmen: coefficient, as
g /o 1
. 3 5\/'“': 7z QA Y -3 o \
Z = KK = = 7K. M, (nTVE3] A-18
“ra | 28.9 (7%, 4, fry "] (A-18)
¢
Substituting equation A-18 and A-19 into A-17 gives the expression for
the concentration change in the water parcel as
. - 7
ac Z o . s
{-.{-=‘:‘§:_P a3+(a-3h)g}1/3-[’~" +aD-czg]1/‘
s [ “
TC
?[?*ab-(c«. Su)ler - ¢ (A-20)
L o 2

The solution is obtained as follows. EvaIUate the pressure terms at

. s e cmq s , X o+Y .
the midpoint of the stilling basin y = > 2 to obtain
2l X &y e v 1}/'7 So* (A=21)
&= = = =] = {p+V : P - 5 $e c* - ¢ 1
= z £+ z \u -O)] r I(D T < ).’ j
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whers

a
. 2 . 2 rn -
2 = P 0+ (M w 7 + 7
Pty b)) rglory)
dow le
. ~ \ In ) /3
wA = Feg0+7)]7 - F-70+2)V

iewr1ting equation A-21, with these substitutions gives

W3

o
o

ty
)
Oy

A
.

+1icw has the soiution

Wy
[t}
iy
Gy

Y
+
\‘4

[V

= b - -
Tbatuatning aquation A-
. . .

T ANC AT = = L ownere

C—

4 i
-
K
«
b
'

A i7a
= K-RA

iy

t]l
Py
A
i

i

-
L~
—ivia

A3 jbs

*

74 at = = 0, where (' equals zhe foreday con

vals zha stilling basin conczntraticn
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=0 . T, 2
2

Ban
i

NG

Ll

~ o
oL, sizids
=
4=123

it



1 ETL 1110-2-239

S ESSENTIALS OF N, MODEL

LOWER COLUMBIA & LO! SNAKE RIVERS 15 Sep 78

H

DEFINITION SKEICH

RESIDENCE TIME = ¢_ = WDL/QS = DL/q = L/VL

w

o]
TOTAL HEAD LQOSS = hL = H.-D-'nv = H-(D—WE /23)

ENERGY LOSS RATE = = = hL /tq

11

AVE. PRESSURE = P = ?_+ o(D-Y ) + o(D+Y ) . a= 0.0295 a=./ft.
o) > o 4 o) d= ae
)
N, CONCENTRATION AT EMD OF STILLING BASIN, L
2 _ _ 1/,
=2 POY o PC*x ; = ——
Cs. ?C (PC -CF) 2XD (_% L I )
1/
_l/3 ™ —;"3 r— 1/3 .
AP = P +a (D+Y )] - P - a(D+Y )]
L 7 O 3 o
a PC* T-
X ! 173 1n FC —Cf = KZO(I.OZS) (T-20) T = Watzsr Temperature.
L AP ?c*-cs
K’O = aEb. a & b are empirically determined frcm cbserved data. They
- are shown below:
MODEL COEFTICIZNTS
PROJECT ¢ a 5
Little Goose 1.00 0.09 2.45 ,
Lower Monumental 1.00 0.09 2.%3
Ice Harbor 1.00 0.30 1.20
McNary 1.00 1.00 2.20
Jomn Day 1.00 0.20 2.20
The Dalles 0.30 0.80 2.30 *
Bonneville 1.00 1.90 1.20

1/ Developed by Water Resources Englneers, Inc. for the Ccrps in 1971.
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AT HYDRAULIC STRUCTURES

PREDICTION OF DISSOLVED GAS

by Perry L.
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As a basis for development of the analysis, the following data were collected
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structure is located, with daily fluctuations that result from atmoscheric
conditions. The effects caused by dain fluctuations in atmosoheric pressure
are not large but they may be significant and should be censidersed in the
eavaiuation of Cg. In this ana!vsxs measured barcmeiric pressures were

used when available. If measured values ware not availzbla a stardard

onere was assumed ang barcmeliric pressyres were computad according o

The deptn of water over the fliow in which gas is zeing disscived is general v
dependent con the depth of water in the stilling basin. Thus, variaticns in
the tailwater elevation will have scme effact. Throughout this anaivsis z
water depth equal to two-thirds of the basin depth was used to compute sa:
tion concentrations. [t was thought that initially the fairly compact i

from a2 spillway or outlet would penetrate to the flicor of the stiiling tea

The flow would then be deflected downstream and out of the LSasin. As the Fico-
moved through the basin it would be diffused and its veloccity reduced

This diffusion would De linear and result in & triangular patiern with the
average centh through the diffusion being two-thirds of the totzl btasin cenin
Sutbies rising from the flow ancd incomplete flow penstraticn would ten

recuce this average depth, but the two-thirds denth wzas consicersd rep -
Tive and therefore used in the hna;ysis, A mzicr ocint ¢f supoort for
Two-tnirds depth assumption is the fact that later eopiications oroved
assumpgtion reasgnaeble. If the flow bew.g stucied coes nct penetrats

boticm cf the pool the maximum deonth of flow penetration may be used |
caiculaticn in place of the basin cdepth.

tvaiuation of Cg is achieved by summing the baromeiric pressure and twe-tnirgs
of the basin depth (expressed in mm of Hag) and dividing this total pressurs -
standard atmospheric pressure (760 mm of Hg) to cbtain the average absciuta
pressure on the dissolving bubbies in terms of atmospheres. This average
absoiute pressure is then muitiplied by the cdissclved gas saturation concant-:
tion at sea level, for the desired water temperature, g octain Cs.

The next parametar from ecuaticn 1 to be considered is the time, t. 1t is
representative of the length of time that the inflcwing jet with entraires zi-
is under pressure in the stilling basin and, thus, the length of time tnaz gas
1s being dissolved in the fliow uon51derabwﬂn ci time revealed two possitls
Pimitations that could control its value. First, it wculd seem that given
sutficient time the entrained air bubbles wou.o rise out of the flcw and end
the dissolving of gas. In some cases it would seem that an evaluaticn of tnis
Gubbie rise time could be used to represent time. OCn *the cther hand, situa-
tions might occur wnere the flow with entrained air would pass thrcugh the
Sasin and be deflscted to a shallow depth in 2 Tairly short time. Therefcrs
the actual length cof time regquired for the flcw to oass throuch the Sasin
Cou'd represent t, Quring this analysis the assumoTion was made that 2iinsr
of thesz time pericds might Ze critical in specifiz situaticns. For 2ach “low
concditicn and structure studied, t was evaluated for both limitaticns. Trhe
smaller of the two computed values weas considered zpolicable to the sarticular
situaticn and was used in the remainder of the analysis.

Subbie rise time., - Zvaluation of t based ¢n the bubble rise time, %1,

WOUiG Se, 17 sirictly pursued, a very complex ccmputation which would profadiv
produce questionablie results. The vertical dimension of the jet (thickness cf
jet that the bubble would rise through) is never constant The time, &, bDased
on budbla rise time, ty, was evaluated by dividing the calculated vertical
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reservoir surface and the withdrawals are made from deep in the reservoir, the
measured values of the initial dissoclved gas concentraticns, (7, are pruacsﬁv
more accurate for nitrogen than oxygen. £Even though dissolved nitrogen data
ware usm4 as a Ha<e for the analysis, application of the analysis for chbservec
prototype conditions indicates that resulling disscived oxygen leveis may aisc
be predlcteu.

Figure 2 shows that the value ¢f K is cependent ¢n two carameiers., The firct
is H,/X, the velocity head, H,, at the tailwater surface civiced by the

flow path length X. H,/X is an snergy gradient parameter “cr the Tiow; it
relates the amount of energy in the flow to the path langth in the basin aver
which the energy is dissipated. The greater the value of H,/X the more
turbuient the basin flow and trhe larger the resuiting K value, The peatin
length used corresconds to the value of t selected. If ty is zopiicable,

when the value used for X would be the path length used to evaluate to. BuT
it ty is aoplicebie, the path length s adjustec to determine the effactlive
path lzncth for the time interval, that is, the lencth c¢f time the :-u

remain in the jet., Flow deceleration is assumed linsar and the ratig

t1/t2 is multiplied by the total velocity drcp to determire the velsc

drop 2icng the adjusted path lengtn. The average veliocity 2icng tne

peth is tnen computed (initial velocity minus one-nalf the veiccity &
muitiolied by ty to determine the adjusted path length.

The gther parameter on which the value of K is haseH is a ratic of the snear
perimetar of the jet to the jet's Cross- -sectional area at the taiiwater
surface. This term is a measure of the jet ccwﬂac.ness and shege. The shear
perimetar for a jet is defined as the length of the jet's perimeter agver whicr
& shearing action is occurring between the jet and the water of the stilling
basin pool. For a free jet plunging into a pool the shear perimeter weu'c
scual the tctal perimeter 0of the jet, while for a flow passing ccwn & chute
sopiliwavy and into a basin the shear perimeter would be the chute widin a2t thz
cailwatar surface., Situaticns exist where the walls of the stilling basin ars
affset Trom tne jet entering the basin. If this cffset is smail, gquestions
may arise as to whether the sides of the jet should be incliuded in the snes
Derime:er This is a judgment factor and is prnoably best nandled by ind

ual consideration, Another common structure that mignt raise a similar
guesticn would be a hollow jet valve discharging into & cocl. Althougn the
flow would have a ring-shaped cross-secticn, only the cutside perimetar snoui:
be included in the evaluation. In general, if it appears that signifi-

cant shear «ill occur alcng the secticn ¢f perimetar in guesticn then tncse
lencths should be included in the analysis.

with tne evaluation of K from figure 2, eguation 1 may be appliad and insz
final 4issclved gas concentration, C{t}, determinad. The orcoliglyoe cati wers
used =xtensively o 2valuate the ceoefficients that zre apci’ed thArgugnhcut tns
analysis. Tnis empirical 3pcroach is mandatory becausa of the comoiexity of
the “lows being considersd, Vary few of the situations studied have clsarly
defined flow conditions that are well suited for direct analysis NCt cnly
are the jets that leave the spillway chutes, the valves, znc the c¢ates ofizn
quite cemplex, but the stilling basin nocls are egually compiex. Any anaivsis
0f these flow conditions would be quite involved and the accuracy wouid 22
questionable. However, the coefficients resulting from this anpaiysis do have
a rational) bSasis and are represantative of the various physical parameters.
The coefficients can be interpreted %o yield additiconal insight into the
Sienificaence of the various factors.
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the stilling basin pool is short and unobétructed. Because of the changing
slope of the flow surface as it enters the stilling basin, the angle of

penetration was approximated to be 25° below horizontal. The basin depth cof
22 f+ (5.7 m) was computnd for the deepest portion of the pool. Finally, tne
flow path length, X, of 95 ft (29 m) is approximately the distance from the
point where the jet would attain significant penetration to the end sill of
the basin., It was reascned that at the end sill a large portion of the flow
will be ceflectec uowaru, the flcw will no longer Se under the higher prassur
and dissolving of cases in the basin will be complete. These apnroximaticons
are guite rough, -x* attempts to refine Ine evaiuations wou'g visld only

iignt improvements and would call for and indicate urnwarranted accuracy.
The absclute dissolved nitrogen concentraticon in the reservcir is evaluated ¢
the first step in the analysis. This is accompiished by referring {0 &pproor
ate standard tabies and obtaining the nitrogen satu atien concentraticon far
the specific walter temperature (4.4 "C) and multiplying it by the relative
reservoir disscived nitregen concentration (104 percent!

Cr = (1.04) (20.7) = 21.5 mg/L
Next the notential absolute dissclived nitrogen concentraticn for the stilling
basin is computed. As stated before, it is depencent orn tne Carcmeiric
pressure, walter temperature, and basin decth Two-thircs of the zasin
is assumed as the average depth cver the “low while the cas is zeing ¢f
Using this apprcximation an average pressure on the ficw [in atmosoneres) is
cemputed and multiplied by the absolute dissolved nitrcgen concentration
cotained earlier. )
cg = 8.2 23122 0-8/33:55) (30.7) = 27.4 mg/L

This term has been adjusted to reflect the barcmetric pressure 2nd, thus, the
structura's elevation. If the baromstric prassure is unkngwn, & stancarcg
atmosgnerse may be usad, .

Two of the terms (C¢ and Cp) of equation 1:

C(t) = Cg - (Cg - Cp) e *KE
have now been evaluated. The time, t, that gas is being dissoived, is the
next term of interest. The bubble rise time, t1, is evaluated {irst.
To do this, the vartical dimension of the jet at the tailwatier surfacs is
found. The Z8-foot velocity head vields a velocity of 42.5 ft/s {13.0 n/3;
The discharge is then divided by the velocity to obtain 2 total ficw c¢ross
secticnal area for three gates.
3550/42.5 = 83.5 12 (7.8 n2)

Assuming 2cual flow through 2ach resuits in a flicw cross secticnal area of
7.8 £12 (2.5 m2) for a single cate. When equal flow conditions are
assumed for the gates, the analysis ¢f sach individual gate is igzntical and,
thus, the aralysis of the flow for only one gate will predict the cerfermancs
of the entire structure [f the flqw cross secticnal z2rea is then cdivided
by the gate width (8 ft) the flow deoth is determined
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head, Hy, to the appropriate flow path lenath, X, is Hy/X. If the time
*nterval used is based on basin retention time Lhe basin flow path length
(evaiuated from the basin gecmetry) is used. If the smaller time resuits from
the consideration of the bubble rise time then the flow path iength to be used
is less then the basin flow path length. For the sample problem the time

L)

3 M tmi+sal a -
hased on the basin retention time is the smaller so the initially determinec
nath lencth of 35 £+ (29 m) is used. Therefore,

/-[!-_ -
H, /X = 28/985 = 0.295
Sor application of fiqure 2, the second saramatar that must De evaiuated i3
the ratic of the shear perimeter length of the jet tc the cross secticnal area
of the iet. For this oroblem the shear perimeter is the jet wicth pius the
jet height for each side ¢r
8 + 3.5+ 2.5 =150 ft (¢.6 m)
“he cross sectional area has already been found %o be 27.28 ftZ (2.6 mZ
Thus the ratic is )
15.0/27.8 = 0.54
The value of K is 0.1 from figure 2. The user will ncte the possiciiity of
internolation error. All the terms mav now oe substituted into ecuaticon L an.
: dissolved nitrogen concentration that is not correctec for bercmetir:ic
oressure 15 obtained.

A\ \ -
7.4 - (27.4 - 21.5) e~(0.11(3.8) = 22,4 mg/L

O
—

ct
u

~n

this is then divided by the saturation concentration, the percent nitrcgen
“ion is obtained.

23.4/20.7 x 100 = 113 percent
The oosarved value for nitrocen, No was alsc 112 oercent. To cbtain 2
oredicted zbsolute concentration, multiply the predicted percentace v -2
ansolute concentration adiustad for barometric crassure.

(1.12)(877/7580)(20.7) = 20.8 ma/L of Np

lonsidering dissolved oxvaen, we ccompute:

Cr = 1(0.85)(12.9) = 11.0 me/L
whers 12.Q ma/L is the saturation concentrzzicon of oxycen at 4.4 °C.

Ais0
ot LK I “anm A4 2/17 o\
Cc = 877 + 2/3(22V(204.8/13.55) v, @ = 17.1 ma/L
el ' -
- -~
* = 3.8 secgncs .
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2. The basic eguation developed to predict the resulting dissolved gas
concentrations is:

C(t) = Cg - (Cg - Cp) e -kt

where C(t) is the dissolved gas concentration created by the hydrauliz struc-
ture, C; is the dissolved gas concentratiaon in the reservgir, Cg 1is tne
saturated dissolived gas concentration at a deoth wnich is two-thirds of the
maximum basin deptn, t is representative of the length of time during wnicn
gas is neing dissolved, and K is a constant that varies with structure anc
¢perating cendition A method is developed for prediciion of the X vaiue

11
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